SCIENTIFIC TRAINEES [graduate students and postdoctoral fellows (postdocs)] seeking employment today-whether as faculty members in higher education or in research and management positions in industry or government-face tremendous challenges. The transition from the role of "student" to that of "professional" creates significant stress (29) . Those seeking academic careers not only carry the traditional responsibilities of faculty members but also step into a new academic workforce " . . . characterized by student diversity, new technologies, changing societal expectations, a shift in emphasis toward the learner, expanding faculty workloads, and a new labor market for faculty" (4) . To meet these challenges, trainees need to develop a broad variety of skills and knowledge areas. Unfortunately, they tend to acquire skills haphazardly through trial and error and individual mentoring of varying quality but rarely through formal education (12) . Clearly, there is an increasing need for more systematic training or professional development (PD) for scientific trainees. However, there is not yet a clear standard of specific topics for PD for trainees.
The term "professional development" has been defined as "the advancement of skills or expertise to succeed in a particular profession, especially through continued education" (9). It has a proven positive impact on retention and career education (31) , and failure to develop an understanding of, and skills in, critical areas can lead to unsuccessful job searches and lower job performance (27) . Unlike PD for professional school students (e.g., medicine and law), PD for graduate students is a relatively recent research topic (31) . However, with changing demands on new faculty, the need for trainee PD has become imperative. To effectively function in the academic workforce, faculty members need skills and knowledge that reach far beyond laboratory skills and course content. Needelman and Ruppert (27) found that new faculty members need both foundational-level and competency-level skills and knowledge. Foundational-level skills encompass the fundamental knowledge needed for the profession and an awareness of the key resources available. Competency-level skills mean that the professional can perform all required skills at a level to both obtain and maintain his/her employment and can accurately evaluate the performance of others (students, peers, etc.) (27) . Without both types of skills, the transition to the workforce is a daunting challenge.
Unfortunately, the PD needs of graduate students and postdocs are not generally being met (3, 11, 12, 20, 23, 27, 28 ). Austin's 4-yr longitudinal study (3) of graduate students in various fields (including biology) found that students did not receive systematic preparation for their roles as faculty members. There was no guidance on components of the faculty position that are often invisible to the graduate student (e.g., advising, committee work, curriculum development, managing ethical issues, public service, and outreach) (3). Ducheny et al.'s survey (11) of 1,100 psychology graduate students found that students' perceived needs for PD were not met in the areas of time management, proposal development/grant writing, and understanding of career stages and potential professional pitfalls. Training for graduate teaching assistants typically lacks a foundation on educational research, theory, or proven practice (23) and is sometimes "structured more to serve institutional or faculty needs than to ensure a high quality learning experience for the graduate student" (3) . Despite encouragement by the National Postdoctoral Association (NPA) (25, 26 ) and the National Research Council Committee on Science, Engineering, and Public Policy (6), structured PD activities are not uniformly included in the graduate curriculum. Offerings tend to be compartmentalized within departments despite the crossdisciplinary nature of many of the needed skills (31) .
There is evidence that trainees want PD in areas such as supervisory skills, mentoring skills, and other skills needed for successful careers as faculty members (11) . They also want to develop skills in cultivating and maintaining multidisciplinary relationships important for collaborative research. Finally, they want mentors to help them master these skills (11) . These skills are important for postgraduates as well as graduate students. The NPA encourages institutions to establish a curriculum for postdoctoral training and to promote the development and annual review of an individual development plan for each postdoc (25) .
Traditionally, the graduate mentor has provided most of the PD training for his/her students, primarily through professional socialization activities. Socialization is the "continuing process whereby an individual acquires a personal identity and learns the norms, values, behavior, and social skills appropriate to his or her social position" (10). Professionally, it encompasses gaining the knowledge and skills that allow the individual to be an effective member of their professional community (32) . In the apprenticeship model, the traditional model for graduate student training, the graduate mentor's role is to socialize the graduate student into the profession (4). Graduate students are expected to one day become graduate mentors. For example, in biology, learning to write a scientific paper is not only a skill to be developed but also incorporates "enculturation" into the scientific process, learning to not only report knowledge but to construct new knowledge using the accepted processes of scientific research and writing (13) . However, Bieber and Worley (4) found that " . . . the role of the graduate mentor is neither as central nor as all encompassing and influential as commonly believed." As the demands of academia change and the potential job types open to graduating students shift away from traditional academic professorships, graduate mentors have limited time and expertise to fully socialize their students on issues such as ethics (19) , teaching (3, 23) , management and supervision in academic and non-academic settings (14) , finding a job (5), and other critical skills.
Despite the constraints of limited time and varying expertise, faculty members do not necessarily feel that structured PD is needed for their students. Some do not want help or interference in the mentoring process (14) . Others feel that PD outside the mentor-student relationship is unnecessary "spoon feeding" (12) . Faculty members who participate as leaders or teachers in PD programs are sometimes criticized (12) . Nevertheless, it is difficult to imagine that all faculty mentors are interested in, prepared for, and available for the type of comprehensive PD sought by contemporary graduate students (27) .
More recently, departments and institutions are providing structured PD activities for their graduate students and postdocs (8, 14 -18, 21, 27, 30, 31) , as recommended by national reports (5, 6) . Most of these are voluntary activities organized by faculty members and/or students, but a few are required courses (21, 30) . However, these offerings are wide ranging and do not generally constitute comprehensive PD integrated into the graduate training process.
Professional societies have been called upon to play significant roles in the PD of trainees. The NPA encourages professional societies to "provide support for and increase access to PD workshops and courses, especially those focused on careers outside academia" and to "define core skill elements necessary for the profession . . . " (24) . Many societies provide PD workshops or seminars at their scientific meetings. Some societies also offer PD through summer workshops ("boot camps") and live or online short courses.
As a result of its 2000 Strategic Plan, the American Physiological Society (APS) took a broad and proactive response to assessing the needs of its trainee members and addressing those needs through programs, services, and awards. Although APS had numerous trainee awards and workshops, a comprehensive plan that engaged multiple committees and Disciplinary Sections had not been developed. APS committees [e.g., Education, Women in Physiology, Porter Physiology Development (Minority), Career Opportunities in Physiology, etc.] offer many awards and PD workshops for trainees. Similarly, the 12 Disciplinary Sections (e.g., cardiovascular, respiratory, and renal) serve as member subgroups within the APS and coordinate not only scientific sessions at the annual meeting but also offer awards and PD activities for trainees in their areas. In 2003, the APS governing body, the APS Council, established a new committee, the Trainee Advisory Committee (TAC), with the primary purpose of bringing trainee issues to the attention of the APS Council and acting on APS Council recommendations concerning trainees. The TAC is composed of graduate students, postdocs, and early professional career members representing the 12 Sections. The TAC also seeks to:
• Investigate the needs of trainees, both predoctoral and postdoctoral, to determine how the APS can provide necessary support and assistance • Coordinate activities with other APS committees to enhance the status and respond to the needs of trainees at all levels • Encourage the active membership of trainees in the APS.
Toward those ends, in 2003-2004, the TAC developed and conducted an initial survey of physiology trainees. The results were provided to APS Council, committees, and Section steering committees to provide guidance on APS trainee workshops, symposia, resources, and awards. Subsequently, the TAC repeated the survey in 2007. Selected results from both surveys are reported here. Additional findings are available in the full survey reports (1, 2).
METHODS

Survey Development and Implementation
2004.
A pilot survey instrument was developed and field tested in 2004 by the TAC using volunteer participants from a single APS Section listserv. The TAC used these initial results to expand and improve the survey instrument. The final survey included a variety of questions examining trainee interest in issues related to the development of professional and career skills, professional activities, employment issues, balancing work and family, sources of information and training, and involvement at the annual Experimental Biology (EB) meeting. The instrument was converted to an online survey at Hostedsurvey.com. In October 2004, each TAC member representing the 12 Sections of APS extended an invitation via their Section listserv to graduate students, postdocs, and new investigators to participate in the survey by clicking on an embedded link. The instructions encouraged members to send the survey request to other trainees in their departments or institutions. The survey was available online for 4 wk. Data were downloaded and analyzed by the APS staff and reviewed by the TAC.
2007. In 2007, a TAC subcommittee revised the 2004 survey, broadening and refining the question base to further assess traineerelated needs. The revised survey was uploaded to Hostedsurvey.com, and an e-mail invitation to participate in the survey was sent to each Section listserv by the respective TAC representative. The invitation also was sent to other APS listservs (all APS members, trainee members, and minority physiologists) and was posted on the main page of the APS website and the trainee information page. The survey was available online for 4 wk. Data from the survey were then downloaded and analyzed by the APS staff and the TAC.
Respondents
The survey was designed to solicit input primarily from graduate students, postdocs, and new investigators. The study was not designed to create a fully representative sample of physiology trainees but rather to capture feedback on the issues that respondents felt were most important. Therefore, response rates were not calculated. Furthermore, there were few complete survey responses from those who did not identify themselves as trainees (graduate students, postdocs, or new investigators). Data from nontrainees were not included in the subsequent analyses. Both the 2004 (n ϭ 203) and 2007 (n ϭ 546) surveys were completed by sizeable numbers of trainees (Table 1) . The 2007 survey was completed by more than twice as many respondents. This may be due to the increased visibility of both the TAC and APS trainee-focused activities initiated in the period between the two survey administrations, including the development of an APS trainee listserv.
Training level. The majority of those completing the survey in both 2004 and 2007 were graduate students or postdocs (Table 1) . New investigators constituted a smaller response group. Subsequent analysis of responses examined these three groups separately.
APS membership. The proportions of graduate students, postdocs, and new investigators who were members and nonmembers were very similar in the 2004 and 2007 respondent groups (Fig. 1) . In 2004, about half (46%) of graduate student respondents were APS members, as were two-thirds (65%) of postdocs and nearly all (92%) of new investigators. Similarly, in 2007, more than a third (38%) of graduate student respondents, half (51%) of the postdocs, and 86% of responding new investigators were APS members. In both 2004 and 2007, most of the respondents who were not members of the APS were graduate students. About a third of nonmember respondents were postdocs, and only ϳ10% were new investigators.
Section representation. The survey also assessed whether the trainees who responded were representative in terms of membership in APS Sections (Table 2) . Only those respondents indicating they were APS members were able to answer this question. Most of the Sections were represented in proportions similar to that of the overall APS membership. Respondents from both survey years were distributed similarly to the overall distribution of APS members. Correlations in the distribution of respondents ranged from 0.95 to 0.98. When the distribution was examined by trainee level, there were a few exceptions in the distribution. 
Item Types
Most items asked respondents to view a description of a particular professional skill or knowledge area and then indicate, on a 5-point, Likert-type scale, their level of interest, where 5 ϭ very interested and 1 ϭ not at all interested. Responses were analyzed by training level and survey year.
Statistical Analysis
For those questions asked on both the 2004 and 2007 surveys, variance between the training level groups (graduate, postdoc, and new investigator) was significant for many survey questions. This precluded the use of a parametric test of means; therefore, a nonparametric comparison of median scores (independent-samples KruskalWallace test) was used to determine the significance of differences on the primary factor of training level (graduate, postdoc, and new investigator) (22) . For the year of survey (2004 or 2007) , the use of a parametric test (t-test for independent samples) to compare means was supported. Post hoc analysis for interaction effects (training level by year of survey) was not done due to the significant variance differ- ences in the training level data. Response rates were essentially the same for data presented in each table. A P value of Յ0.05 was used as the critical significance level (7) . Statistical analyses were completed using IBM SPSS Statistics (version 1) software.
RESULTS
Developing Professional Skills
The first series of questions related to interest in developing skills in the areas of mentoring or being mentored, teaching, research, laboratory management, and writing and presentation skills (Table 3 ). In 2004, the mentoring question was asked separately for mentors and mentees, but this was a combined question in 2007. In 2007, additional professional skills items were added based on feedback from the previous survey.
The most highly rated professional skills areas related closely to both the topic and year of the survey. In general, respondents in 2007 expressed greater interest in developing professional skills in the surveyed areas than did 2004 respondents. In both survey years, mentoring and teaching were highly rated topics of interest for all training level respondents. Graduate students expressed significantly greater interest in gaining teaching skills than did postdocs or new investigators. Managing a laboratory and authorship policies were highly rated by most groups. In the 2007 survey, the added topics of writing grants and scientific manuscripts and giving a talk received high interest ratings, especially among graduate students and postdocs.
Most topics received an average rating of 4.0 or higher at each training level, indicating that they were areas of strong interest. A few topics received lower ratings of interest. Postdocs and new investigators were not as interested in learning about what to expect as a mentee or how to work in a Values are means (SD). Mean ratings for interest were determined using a Likert-type scale, where 5 ϭ very interested and 1 ϭ not at all interested.
How We Teach laboratory environment. However, all three training level groups gave lower scores to "understanding research ethics" as an area for professional development, although graduate students and postdocss rated this significantly higher than did new investigators.
Professional Activities
Trainees were also questioned about their level of interest in learning more about various professional activities at each stage of their career: receiving awards, attending and presenting at meetings, identifying grant opportunities, reviewing grants and manuscripts, and travel funding (Table 4) .
When asked about the professional activities that they would like to learn more about, most trainees in both 2004 and 2007 identified funding and award opportunities as their topics of greatest interest. Respondents differed in their interests primarily based on their career stage. Graduate students and postdocs were significantly more interested in attending and presenting at meetings and in learning about awards and travel funding than were new investigators. Postdocs and new investigators were significantly more interested in reviewing manuscripts for journals than were graduate students. There were few differences between the 2004 and 2007 survey responses on these items.
Career Opportunities
Trainees were asked to rate their interest in acquiring skills and knowledge on various career-related subjects, including career options, job-seeking strategies, and promotion strategies (Table 5 ). In 2004, respondents were asked about advancement/promotion in general. In 2007, this item was divided to specify advancement in academia and industry/government as separate items. A question on "negotiation skills" was added in 2007 as well.
In general, trainees (graduate students and postdocs) expressed significantly greater interest in learning about these career skills. Trainees were significantly more interested in learning about career options available to them and developing skills for job searches and interviews than were new investigators. All groups expressed interest in information on advancement and promotion, but trainees were significantly more interested in learning specific skills in this area compared with new investigators. New investigators expressed the greatest interest in negotiation skills and advancement and promotion, but their ratings were still less than those of trainees.
Employment Issues
Both surveys asked respondents about salary and benefits, international issues, balancing family and career, and child care (Table 6 ). For all three groups in both survey years, compensation (salary) and benefits were topics where all groups expressed great interest; trainees rated these items significantly higher than did new investigators. Balancing family and career also received high ratings from all groups. When asked whether they had additional questions about this topic, graduate students and postdocs had many questions about what benefits they could expect from a permanent position such as family leave, flexible spending, and vacation time. Respondents in 2007 rated these topics of significantly higher interest than did 2004 respondents. Values are means (SD). Mean ratings for interest were determined using a Likert-type scale, where 5 ϭ very interested and 1 ϭ not at all interested. Values are means (SD). Mean ratings for interest were determined using a Likert-type scale, where 5 ϭ very interested and 1 ϭ not at all interested.
Information Sources
To provide information for effective PD activity planning, the survey asked trainees how they would like to receive training or information (Table 7 ). There were very few differences between the groups on these items. The top choice for all three groups in both years was accessing information online at websites. For graduate students, their second choice was an electronic newsletter. Postdocs and new investigators also favored the EB meeting as a training venue. Bulletin boards, blogs, and online discussions were not highly rated, but these options had not yet been offered to trainees at the APS website.
Website Visibility and Usefulness
Because the 2004 survey results indicated that most trainees preferred to obtain their information from websites, the 2007 survey asked specifically whether these trainees knew about both the APS website and the TAC-developed APS trainee website and whether they found them useful ( Table 8) .
The familiarity with the APS website was proportional to the length of time in training, with nearly all new investigators, nearly three-quarters of postdocs, and more than half of graduate students having visited the website. However, it was universal among all three groups that those who had been to the website found it to be very useful.
Fewer respondents had visited the APS trainee website. Less than half of the postdocs and new investigators had visited the site, and only a quarter of the graduate students had been there. Again, those who visited the site found it useful.
Experimental Biology and Trainee Symposia
The survey also explored whether respondents had attended the EB meeting over the past several years (Table 9) . On the 2004 survey, trainees were asked "Do you attend EB?" About half of both graduate students and postdocs indicated that they had attended EB in the past. In the 2007 survey, graduate students were more likely to say they had never attended EB (65%), but the percentage of 2007 postdocs who attend EB was similar to 2004 respondents. New investigators responding in 2004 were very likely to report that they attend the EB meeting but in the 2007 sample, only about half of new investigators had attended EB in the 3 yr before the survey. On all items, new investigators were significantly more likely to have attended the EB meeting than were trainees.
DISCUSSION
Overall, the two surveys provided trainee and new investigator feedback on respondents' perceived needs for professional development and information in a broad range of categories. Responses reflected three major trends. First, respondents gave most of the topics for PD information and training high ratings, indicating that most of these topics were of interest to the majority of the respondents. Second, graduate students, postdocs, and new investigators expressed interests in PD that reflected their career stage. New investigators were less interested in topics that they may have already mastered as graduate students or postdocs. Similarly, graduate students were not as interested in topics that they would not confront until their postdoctoral or first professional position. Postdoc interest ratings generally fell between the other two levels. This suggests that PD resources should be targeted for specific levels, providing trainees and new professionals with the information of greatest interest to those in their cohort.
The second major trend was that respondents in 2007 often rated their interests in PD topics and information higher than did respondents in 2004. The respondent groups were not identical in both years; however, they were similar in primary attributes (career levels, APS membership, and Section affili- Values are means (SD). Mean ratings for interest were determined using a Likert-type scale, where 5 ϭ very interested and 1 ϭ not at all interested. *In 2003, the question was stated as "small group discussions (online, Instant Messenger)." EB, Experimental Biology meeting. Graduate students  57  159  95  151  26  73  93  68  Postdoctoral fellows  70  146  97  142  44  91  100  91  New investigators  93  62  98  61  43  29  100  29 ation), and a comparison between the two groups is reasonable. This suggests that the perceived need for PD among trainees and new investigators increased between 2004 and 2007. Third, younger trainees, especially graduate students, were less likely to have accessed PD opportunities and information via meetings or websites than their more senior colleagues. Graduate students in the 2007 sample were less likely to have attended recent EB meetings (Table 9 ) or the APS website or APS trainee website (Table 8 ). Both the meeting and websites offer a wide variety of resources for graduate students and postdocs to help them plan their careers, identify and use PD information, and avoid pitfalls in career development. Although limited funding makes travel for graduate students more difficult, web-based resources are abundant but are not being used extensively by the trainees in this sample. Offering targeted PD activities. APS committees develop a number of workshop programs annually through the EB meeting and APS conferences. Using the results of the surveys, these workshops were developed to target specific needs that were rated highly by survey respondents. As shown in Table 10 , three APS committees (Career Opportunities, Women in Physiology, and TAC) coordinated their topics both with each other and with the survey findings to provide PD on topics that were of interest to trainees and to provide workshops of appeal to trainees at different career stages. Survey results also indicated that fewer graduate students and postdocs attended the EB meeting regularly; therefore, APS staff members create multimedia files of the EB workshop presentations and offer them freely online. These are accessed by hundreds of users each month.
APS also used the survey results to tailor its program offerings. Survey results supported the need for specific training on writing and reviewing for journals and on poster presentation skills. With support from the National Institute of , and individual departments to provide structured PD courses and workshops. In addition, specific topics and materials in the courses (e.g., authorship) have been used to present shorter workshops at numerous meetings. Survey results also emphasized trainees' desires for additional information on mentoring and on mentoring for themselves as students or new professionals. As a result, the Women in Physiology Committee expanded its focus on mentoring activities. They formed a collaboration between APS and MentorNet (www.mentornet.net), the award-winning online mentoring program for professionals in science and engineering. This collaboration allowed all APS trainees and new professionals to freely access mentors nationwide to discuss topics of interest. Second, the committee launched a Mentoring Forum, with bimonthly articles providing suggestions and perspectives from a more senior colleague, followed by online discussions about the topic. Since 2006, Ͼ20 articles and discussions have allowed trainees to receive the "best advice" from an extended group of senior colleagues (Table 11) .
The survey findings also prompted APS to create specific PD activities for, and outreach to, its newest trainee target group: undergraduate students. In 2000, the APS launched an Undergraduate Summer Research Fellows program to offer fellowships to students doing research with APS members. In 2004, APS began offering David S. Bruce Awards to recognize excellence in physiology research by undergraduate students. The results of the 2004 TAC survey encouraged committees and staff to take a more comprehensive approach to encouraging undergraduate student interest in physiology careers. A special poster session was added at the EB meeting to highlight undergraduate research. This popular event not only draws Ͼ100 undergraduate students to present their poster at a second session but attracts several hundred physiologists annually to view and discuss students' research. In addition, dozens of physiology departments purchase tables at the event, where they recruit undergraduate students to their graduate programs. More recently, APS added an undergraduate EB orientation session where members of the TAC, Career Opportunities, and Education Committees advise students on the "how to's" of a large scientific meeting. Finally, in 2009, the APS Council voted to create a separate membership category for undergraduate students to allow targeted communication with them. When the TAC replicates its trainee survey (below), undergraduate students will be included as one of the target audiences.
Improving communication. Both the 2004 and 2007 survey results suggested that, although APS was offering a wealth of valuable information for trainees and new investigators, students were not accessing it until they became postdocs or new investigators. To address this, the TAC and APS staff adopted a "push information" approach. The TAC implemented a number of new strategies:
• A trainee listserv that not only pushes announcements of awards and meetings to trainees but also highlights resources at the Career Section of the APS website.
• A trainee webpage with a prominent link on the APS home page. This page gives "one stop shopping" for information on awards, PD opportunities, "topic of the month" resources, mentoring forum articles, trainee associations, and job openings.
• A TAC welcome e-mail to new APS student members. This e-mail is sent from the specific TAC Section representative to welcome new trainee members of their Section. It encourages new members to access the trainee webpage and attaches a copy of the APS publication "List of Professional Skills for Physiologists and Trainees" (www.the-aps.org/ education/skills.htm).
• An APS Trainees Facebook fan page. The fan page is managed by TAC members and promotes awards and PD Engaging trainees and new investigators in the society. The survey and the related work of the TAC led to an increased visibility of the needs of future physiologists. As a result, not only has Society governance placed high priority on meeting those needs but also worked to engage trainees and new investigators in APS planning and governance. Trainee members have been added to nearly all APS standing and ad hoc committees, and each of the disciplinary Sections has added a trainee advisory group or representatives to their steering committees. The TAC is developing a communication model to promote information sharing among all trainees involved in APS committees. Numerous trainees have been invited to participate in the APS strategic planning processes, adding their input to the 5-yr strategic plans. Finally, in 2009, APS added a high-profile award, the Dale J. Benos Early Career Professional Service Award, to honor trainees and new investigators who have made outstanding contributions to the physiology community through service or outreach.
Future Surveys
The TAC plans to continue conducting a trainee survey every 3 yr to maintain an updated picture of trainee needs. These surveys are in line with the APS Strategic Plan, and the information gathered in the surveys will continue to be shared widely across the various APS Sections and committees to ensure that trainee-related needs are being met. In 2010, the TAC conducted its next survey as part of the APS 5-yr strategic planning process. Future surveys will also include questions for undergraduate trainees as part of the "pipeline" initiative to recruit these students into physiology as a career.
Conclusions
The 2004 and 2007 survey findings suggest that students and new physiologists are highly interested in PD information and want this information via meeting workshops and online content. They also suggest that information should be tailored to the specific career level of the trainee. The survey results have provided important information that has altered the way that APS supports physiology trainees. It is anticipated that future TAC surveys will provide information on when and how trainees want to access PD information. The ongoing assessment of trainee interests and needs will continue to benefit not only APS trainees but promote the health and development of the field.
